and l e only rarely and weakly fermented by the other species.
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Historically, taxonomic investigations of the genus Lactobacillus have been. s t u d i e s of phenotypic e x p r e s s i o n s by c e l l populations. Until recently, c e l l wall studies w e r e not utilized i n taxonomic s c h e m e s and studies of the genetic c h a r a c t e r i s t i c s w e r e non-existent o r f r a g m e n t a r y . The c l a s s i c scheme f o r taxonomic orientation s t e m s f r o m the work of
O r la -Jensen (1 91 9, 1943 ) and was extended a n d confirmed i n its m a i n outlines by Rogosa etg., (1953) and RogOsa and Sharpe (1959) (1953) and Rogosa and Sharpe (1959) , i n which c e l l wall o r genetic c o mposition a r e not included, a r e p r e s e n t e d i n Tables 1 -4 . Studies of the biosynthesis, s t r u c t u r e and function of c e l l walls and associated m.embranes a r e a l s o concerned with phenotypic e x p r e s s i o n s and each of t h e s e f a c e t s of c e l l economy may be a s dependent on environm e n t a l conditions and s t r e s s e s a s in many routine t e s t s . F o r instance, s u g a r fermentations m a y v a r y dependent on the nutritional adequacy of the b a s a l medium, anaerobiosis, e t c . (Rogosa, e t a t . , 1953 ). In the s a m e way, cell wall biosynthesis and s t r u c t u r e m a y be influenced by limitation of e s s e n t i a l nutrients, such a s lysine, diaminopimelic a c i d (DAP), e t c . , the p r e s e n c e of bacteriophage, o r the action of such a n t ibiotics a s penicillin, vancomycin, cycloserine and s i m i l a r substances i n the inhibition of some e s s e n t i a l s t e p i n cell wall synthesis. a r e a l r e a d y s o m e bits of suggestive evidence that nutritional inadequacies or imbalances may directly influence relative m o l a r concentrations of c e l l wall constituents i n Actinomyces (Pine and Boone, 1967) . Krulwich e t at., 1967a.b. showed differences i n rod and s p h e r e stage c e l l walls of A r t h r o b a c t e r crystallopoietes. and ethylenediaminetetracetic acid (EDTA) Brown g g . , (1 962) r e m a rkably i n c r e a s e d lysis and r e c o v e r y of nucleic a c i d s of Streptococcus diacetilactis by the simple expedient of growing the o r g a n i s m i n media containing 2 p e r cent sodium c i t r a t e . McQuillen (1958) , i n a review on Lysis resulting f r o m metabolic disturbance, cited experiments with T h e r e In a study of the lysis of c e r t a i n group N streptococci by lysozyme Rogosa and Sharpe (1959) and Rogosa, Franklin and P e r r y (1961) . with L. casei had a 91% correlation and with L. plantarum a 947% correlation with above results, even though a large number of their strains gave atypical fermentations.
All require -Thiamine i s not required. Franklin and Sharpe (1964) -- 
S S
+ = requirement; -= no requirement; t = variable; S = stimulatory.
All require niacin and pantothenic acid. Characteristically, a l l require thiamine in contradistinction to the homofermentative species. require vitamin B,, o r thymidine. Summary based on Rogosa et al. (1953) and Rogosa and Sharpe (1959) . brevis requires folic acid, but only 52y0 of strains do not require riboflavin and only 11% do not require pyridoxal. Franklin and Sharpe (1964) In general agreement with above summary and general contra- cient constancy in cell wall s t r u c t u r e because this knowledge generally c o r r e l a t e s v e r y well with other taxonomically useful c h a r a c t e r s .
Cummins and H a r r i s (1956) w e r e the f i r s t to investigate cell walls of Lactobacillus, followed by Ikawa and Snell (1969) who studied s t r a i n s of ten s p e c i e s . Their statement that the teichoic a c i d s of Lactobacillus delbrueckii contained ribitol phosphate r e s i d u e s was e r r o n e o u s because of a contaminated culture. Baddiley and Davison (1961) found only glycerol teichoic acid a n d Ikawa and P e t t a s (1963) l a t e r a g r e e d with this and admitted that t h e i r e a r l i e r culture Ilwas g r o s s l y contaminated with a coccus and, therefore, gave misleading r e s u l t s . " A m a j o r contribution to the knowledge of cell walls of Lactobacillus h a s been m a d e by Kandler and his co-workers (Kandler, 1967a , 1967b ) (Plapp, Schleiffer and Kandler, 1967 . (1 968). These type s t r a i n s , however, w e r e only a p a r t of the many additional s t r a i n s whose c h a r a ct e r i s t i c s p e r m i t this g e n e r a l grouping of the g e n e r i c and sub-generic c l u s t e r s of species a l r e a d y named i n Tables 1-4 . Cell wall data a r e not included i n the Table 5 summation of subgeneric groups because such data are not n e c e s s a r y at t h i s taxon level but appear to c o r r e l a t e v e r y well with other species and subspecies c h a r a c t e r i s t i c s . i s s u e . The b a s i c data concerning glucose and gluconate utilization, r i b o s e fermentation, f r u c t o s e 1 , 6 diphosphate aldolase activity, and type of lactic dehydrogenase (LDH) a r e p r e s e n t e d h e r e i n this unified way f o r the first time. enzymes will be presented elsewhere by G a s s e r whose work this i s (manuscripts i n preparation).
Similar experiments with
Nevertheless, under adequate conditions, t h e r e is probably suffiMy m o r e recent concept of the g e n e r a l c h a r a c t e r i s t i c s differentia-
Kandler d e m o n s t r a t e s this e l s e w h e r e i n this symposium
The detailed c h a r a c t e r i s t i c s of the v a r i o u s LHD 
+ t
Until recently, v e r y little knowledge of the genetic makeup of Lactobacillus was available and this information i s still confined to guanine and cytosine m o l e s p e r cent i n the deoxyribonucleic acid, i. e. , Mandel (1968) helped to resolve many difficulties when they showed that the v a r i a n c e of a number of GC values w a s due to unsatisfactory o r different comparative methods. Nevertheless, the wide range of GC values f o r the Lactobacillus species was confirmed by them even when determined by a n a c c u r a t e c e s i u m chloride gradient centrifugation,
The species of Propionibacterium have GC contents clustering closely about 67 p e r cent and t h e r e h a s been objection (Werner, 1966) to including the so-called "anaerobic corynebacterium'l i. e . , Coryneb a c t e r i u m a c n e s a s Propionibacterium because of a different GC content. The p r e s e n t data, taken i n context, indicate that this concept i s too n a r r o w and that within a genus t h e r e m a y be c l u s t e r s of o r g a n i s m s with s i m i l a r GC values but that t h e r e a r e a l s o other c l u s t e r s of o r g a n i s m s (species) with different GC values. However, a l l the species a p p e a r to have c e r t a i n general s i m i l a r i t i e s i n morphology and metabolism, and a r e thus p r o p e r l y r e l a t e d i n the next higher taxon, the genus. a s i n human t i s s u e and the pneumococcus -both with GC contents of about 39 p e r cent. sequences of b a s e s i n their DNA. s i m i l a r GC p e r c e n t s a r e not n e c e s s a r i l y of the s a m e species, where two o r g a n i s m s with significantly differing GC content (probably g r e a t e r than 2 p e r cent) cannot be of the s a m e species, although this does not n e c e s s a r i l y exclude them f r o m the s a m e genus.
information on the genetic homology of DNA and RNA f r o m different o r g a n i s m s . Obviously, o r g a n i s m s with v e r y different GC values would predictably have Limited o r no homology of repeating sequences of b a s e s in their DNA o r RNA. isolate DNA. One population of c e l l s i s given radioactive thymidine, tritium, o r other compounds incorporated into nucleic a c i d s . These c e l l s m a y be broken by mechanical m e a n s and the resultant isolated DNA is s h e a r e d to relatively s m a l l molecular s i z e s . Another c e l l m a s s i s not radioactive and this DNA i n any known a g a r block technique m u s t be obtained relatively undegraded i n as l a r g e molecular s i z e s a s possible (Hoyer e t a t . , 1964). disrupted by mild, non-mechanical m e a n s . therefore, r a i s e s s e r i o u s p r o b l e m s i n obtaining unlabelled DNA f o r homology experiments. the gentle lysis of c e l l s a l a r g e number of exploratory e x p e r i m e n t s w e r e p e r f o r m e d and these r e s u l t s m a y be s u m m a r i z e d a s follows:
(1) Unlike a number of gram-negative o r g a n i s m s , f r e s h l y grown o r lyophilized cell powders of lactobacilli w e r e not lysed by detergents such a s sodium dodecyl sulfate; ( 2 ) P r o n a s e B (a proteolytic In addition, a l l studies indicated a wide GC
Organisms with s i m i l a r GC r a t i o s i n DNA may be a s widely different
T h e r e a r e obviously different a r r a n g e m e n t s of In other words, two o r g a n i s m s with F o r these r e a s o n s , m o r e complete genetic knowledge r e q u i r e s
In o r d e r to conduct such experiments, however, i t i s e s s e n t i a l to
To do this, however, r e q u i r e s that the cell i s Lactobacilli generally exhibit m a r k e d r e s i s t a n c e to lysis and this, In a n effort to find a successful technique f o r enzyme preparation) plus sodium dodecyl sulfate w e r e a l s o ineffective and the anlysed c e l l s when 0.15 M s u c r o s e remained comletely unlysed; (3) c e l l powders w e r e extracted with liquid phenol, the aqueous phase was s e p a r a t e d a n d extracted seven t i m e s with ether, e t h e r removed i n a s t r e a m -o f nitrogen and a n ultraviolet absorption s p e c t r u m was r u n f r o m 260-280 n m .
T h e r e w e r e no peaks i n the e n t i r e range, indicating that no proteins,. nucelotides o r t h e i r degradation products had been extracted f r o m the c e l l s . F u r t h e r m o r e , on m i c r o s c o p i c examination, the c e l l s a p p e a r e d r e m a r k a b l y n o r m a l although they w e r e not viable. Since penicillin i s known to i n t e r f e r e with c e l l wall synthesis, subjected to osmotic shock f r o m 1.5 M to
Lactobacillus helveticus ATCC 15009, L. juguzti L 824, and 4.
bulgaricus ATCC 11842 w e r e grown with penicillin G (10, 100 and 1000 units/ml) in MRS broth.
v e r y Little o r any obvious growth ( i n c r e a s e i n optical density) w a s observed a t any penicillin concentration. microscopically a t frequent i n t e r v a l s f o r s i x hours.
microscopically n o r m a l a t a l l penicillin Levels; 4. helveticus s e e m e d n o r m a l a t penicillin concentrations, of 10 unitg/ml but a t 100 u n i t s / m l numerous clubbed, often curved c e l l s with fuzzy outlines and a few rounded (sphaeroplast-like) s t r u c t u r e s w e r e seen. o r 100 units/ml of penicillin p r e s e n t e d numerous a b n o r m a l c e l l s such a s r o d s with b l i s t e r -l i k e protuberances, swollen cells, and numerous rounded s t r u c t u r e s with a stained c e n t r a l granule. At penicillin concentrations of 1000 u n i t s / m l , t h e r e w e r e no intact rods, the c e l l s a p p e a r e d completely broken, but numerous sphaeroplast-like s t r u c t u r e s w e r e s t i l l p r e s e n t . 4. bulgaricus w a s unique among the t h r e e s t r a i n s because it Lysed completely overnight without f u r t h e r t r e a t m e n t , w h e r e a s -L. j u g u r t i a n d _L. helveticus did not lyse a t penicillin concentrations of 10 and 100 u n i t s / m l . 
jugurti. Only c e r t a i n s t r a i n s of &. bulgaricus and&. lactis w e r e easily lysed and i t was i n this experiment that the need for e x t r a o r d i n a r i l y A l a r g e initial inoculum was employed and
The c u l t u r e s w e r e examined _L. jugurti a p p e a r e d
bulgaricus a t 10
A second experiment with penicillin grown c e l l s (using the g e n e r a l
The effect on the Sodium dodecyl sulfate alone o r p r o n a s e
The o r d e r of t r e a t m e n t r e q u i r e d w a s
The d i s a g g r e -high levels of lysozyme was tentatively revealed. w e r e r e f r a c t o r y to lysis. The r e f r a c t o r y cultures w e r e quick f r o z e n i n C 0 2 plus ethanol and then thawed quickly a t 60 C through ten such cycles without inducing any observable lysis.
vancomycin (10 pg/ml) and cycloserine (100 p.g/ml). Except f o r two s t r a i n s of _L. Lactis, none of 20 d i v e r s e s t r a i n s w a s lysed.
The variability of v a r i o u s species toward lysozyme i s shown i n Table 6 . The species producing D-lactic a c i d w e r e the m o s t easily Lysed by Lysozyme when followed by trypsin and detergent t r e a t m e n t . Their c h a r a c t e r i s t i c s have been presented i n Tables 1 and 2 . o r g a n i s m s have GC m o l e s percent of 50-50.8 ( G a s s e r and Mandel, 1968) and their lactic acid dehydrogenases have s i m i l a r electrophoretic mobilities in s t a r c h gels (Gasser, manuscripts in preparation).
t h e r e a r e c e r t a i n phenotypic differences, i t m a y well be that 4. bulgari-
distinct species a s they a r e presently conceived but a r e r a t h e r subspecies of a single species i n the genetic s e n s e . &. Jugurti and &.
helveticus, producing DL lactic acid, a r e a l s o probably not distinct species because a maltose fermentation by &. helveticus i s the only . consistent phenotypic difference (Orla-Jensen, 1919) (Table 1) .
Although t h e r was some slight variation i n lytic susceptibility, both species w e r e Lysed when 10 to 20 m g of lysozyme w e r e used, both have m e a n GC values clustering about 39 percent ( G a s s e r and Mandel, 1968) and their D a n d L lactic dehydrogenases have identical electrophoretic mobilities i n s t a r c h gets ( G a s s e r , manuscript in preparation). m o r e r e s i s t a n t to the action of lysozyme and two to four t i m e s a s much lysozyme was required to lyse these o r g a n i s m s a s was the c a s e with the D-lactic acid-producing s t r a i n s . F o r instance, 20 mg of lysozyme w e r e required f o r complete lysis a s compared to 2 . 5 m g f o r the D lactic acid-producing s t r a i n s , &. casei, 4. f e r m e n t i and &. cellobiosus w e r e v e r y r e s i s t a n t to lysis by m a s s i v e amounts of Lysozyme when followed by t r y p s i n and detergent t r e a t m e n t s . exhibited some p a r t i a l lysis, a t b e s t ; however, undegraded DNA was never obtained. pletely r e s i s t a n t to lysis by these t r e a t m e n t s .
other potentially lytic agents is not e a s y to explain. enzymatic function a p p e a r s to be a s a cleavage o c c u r s between the linkages connecting carbon 1 i n N-acetylglucosamine and carbon 4 i n N-acetylmuramic acid i n the "bacbone" , 1968; Phillips, 1966; Rupley, 1967; Sharon, 1967) . T h e r e a r e multiple binding s i t e s i n crystalline egg white lysozyme and this c h a r a c t e r i s t i c of the enzyme i s discussed i n detail i n m o s t of the immediately preceeding citations. I t a l s o a p p e a r s that N-acetylglucosamine and N-acetytmuram i c acid and s a c c h a r i d e s closely related to Lysozyme s u b s t r a t e s m a y themselves a c t a s competitive inhibitors (Blake, Johnson, e t a t . , 1967; Sharon, 1967 ; C h i p m a n e t a t . , 1967). Thus, c e l l walls containing r e l atively large numbers of backbone saccharide repeating units m a y quickly saturate available s i t e s on the enzyme s o that a sufficient number of The v a r i a n t lytic action of lysozyme alone o r when combined with
The p r i m a r y p-(1-4) glucosaminidase whereby * Quantities of crystalline egg white lysosyme (Sigma) w e r e in 5 ml EDTA (0. 1 M) t NaCl (0. 15 M), pH8, and initial c e l l suspensions adjusted t o a n absorbance of 1.0 at 6 6 0~m . + = a t l e a s t a d e c r e a s e of 80% i n absorbance; t a d e c r e a s e of l e s s than 20% absorbance; and -no detectable d e c r e a s e in absorbance. Lysozyme incubation was 37°C for 16 h r . followed by 25 m g t r y p s i n (Worthington 3X crystallized, in 50% magnesium sulfate) for 2 hr, and finally by t h e addition of 0.25 ml sodium dodecyl sulfate (sodium l a u r y l sulfate) to a final concentration of 2.5% and heating at 60°C for 10 min.
Controls contained all ingredients except lysozyme.
backbone c e l l wall units r e m a i n to maintain the general s t r u c t u r a l integrity of the wait. Conversely, walls containing significantly fewer backbone r e s i d u e s would not completely bind the available s i t e s of a given amount of enzyme and t h e r e f o r e relatively Less enzyme would be required to effect lysis. substantiate this plausible line of argument.
i n c r e a s e s in cell length i n &. c a s e i but no information was given concerning possible changes i n c e l l wall c h e m i s t r y o r s t r u c t u r e (Takazoe --e t a t . , 1962).
plantarum by crystalline egg white m u r a m i d a s e varied markedly with physiological a g e and nutritional history of t h e 2 u l t u r e . Cells taken during e a r l y exponential growth w e r e readily attacked by the enzyme a t pH 7 . 0 and sensitivity to lysis declined steadily to relative r e s i stance of stationary phase cells. Such variation of sensitivity o c c u r s a l s o with B_. megaterium (Chaloupkae-tat., 1962) . With suboptimal pantothenate, &. p l a n t a r u m exhibited i n c r e a s e d sensitivity to m u r a m id a s e activity (Holden and Balgooy, 1965 ) with a correlating d e c r e a s e i n the O-acyl e s t e r content of the c e l l wall. Such reduced O-acyl content h a s been associated with i n c r e a s e d m u r a m i d a s e sensitivity (Brumfitt However, t h e r e i s no existing evidence to Lysozyme h a s induced rough colonial v a r i a n t s and highly significant Holden and Van Balgooy (1965) found that lysis of &.
etg., 1958).
In our own experiments, we never succeeded in lysing whole c e l l s of &. plantarum even though young exponentially growing and penicillint r e a t e d c e l l s w e r e used. some disadvantages to lysozyme both i n i t s m e t a l sequestering function and the poising of pH a t a value of 8.0. activity of lysozyme d r o p s sharply to a n insignificant level. ditions of our experiments w e r e n e c e s s a r y , however, in o r d e r to inhibit the action of nucleic acid degrading enzymes which might otherwise make the isolation of DNA and RNA impossible.
The buffer used i n our experiments offers At pH 8.5, of course, the The conAnother Lytic enzyme f r o m Streptomyces albidoflavus (Tabata and T e r u i , 1962) ( G a s s e r and Mandel, 1968) was used to lyse lactobacilli and i t was no m o r e successful than Lysozyme i n lysing lysozyme r e s i stant s t r a i n s .
Evidence indicates that t h e r e a r e no differences i n the species of Thermobacterium O r l a -J e n s e n i n the basic cell wall backbone, o r i n the m u r e i n o r mucopeptide with i t s L-alanine, D-glutamic, L. lysine, D-alanine residues, o r i n the a s p a r t i c acid r e s i d u e s cross-linking t h e E amino adjacent peptide (Kandler, 1967a, b ; P l a p p e t a l . , 1967). Also the teichoic a c i d s of the Thermobacterium group a r e a l l of the glycerol phosphate type (Baddiley and Davison, 1961 ; Sharpe e t a t . , 1964) and they a p p e a r to have the c h a r a c t e r i s t i c s of group antigens (Sharpe, 1955;  Sharpe e t at., 1964). tivities to lysis.
Although it is still d e s i r a b l e to avoid undully h a r s h lytic procedures, large molecular s i z e s of nucleic a c i d s a r e not a s critically n e c e s s a r y i n newer m e m b r a n e fitter techniques a s i n the previous a g a r block method.
Thus, t h e r e is now m o r e hope of obtaining experimentally satisfactory DNA. The genetic homology studies between the c l u s t e r s of species (1) -L. bulgaricus, &. Lactis, L_. delbrueckii, L_. leichmannii, a n d (2) 4.
jugurti and&. helveticus a r e still n e c e s s a r y to establish t h e i r phylogenetic relationships and such experiments a r e being conceived f o r the n e a r future. group of Lysine and the carboxyl group of the D-alanine of a n However, the o r g a n i s m s exhibited varying s e n s i -
